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@ Current limits on SUSY by ATLAS and CMS: unnatural SUSY?

© Horizontal symmetry: hierarchies of masses and mixings
@ R-parity violation: textures of couplings
@ leptonic RPV, baryonic RPV, or both?
@ Phenomenological constraints: upper and LOWER limits on
RPV couplings

© Natural Supersymmetry weaknesses and solutions
@ Flavor changing neutral currents: quark-squark alignment
@ Extra contributions to the Higgs mass: the NMSSM

@ Conclusions
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Natural RPV SUSY
LHC SUSY searches s btz

A. Monteu

Outline
LHC SUSY searches

Horizontal symmet

So far, the LHC has
@ given us a Higgs boson at 126 GeV.
@ confirmed the standard Model / constrained extensions.

@ shown no hints of supersymmetry. Actually, no BSM at all!

(see all the other talks in this parallel session)

Exclusion limits go all the way up to the TeV range. Tension with
tuning of Higgs mass

2_ 2 2
mp = mh,bare + mh,loop
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: EPS 2013 [Ldt=(44-229) 10" V5=7,8TeV
Model e Ty Jets ET™ [raim] Reference
T
MSUGRA/GMSSM 0 26jets  Yes 203 |ag @ ATLAS CONF-2013:047
MSUGRA/CMSSM tew 36jets  Yes 203 |& @ ATLAS CONF-2013.062
MSUGRA(CMSSM o 70jes Yes 203 |& anym(a) ATUAS-CONF-2013-054
8 o 26jels  Yes 203 |@ Gev ATLAS CONF-2013.047
s 0 26jets  Yes 203 |& mi?)-0Gev ATLAS-CONF-2013-047
B p 3Bjets  Yes 203 |& 1.18 TeV m(3)<200 GeV, m(F*)=0.5(m(¥) +m()) ATLAS-CONF-2013-062
] 2eu(SS) 3jets  Yes 207 |& 1.1TeV. mT])<650 GeV ATLAS-CONF-2013-007
2 ep 24jels Yos 47 tang<15 1208.4685
3 127 O02jels  Yes 207 |& 14TeV,  tanp18 ATLAS CONF-2013.026
g 2y 0 Yes 48 m(i)>50Gev
£ Tepu+y 0 Yes. 48 m{i})>50 GeV' ATLAS-CONF-2012-144.
‘GGM (higgsino-bino NLSP) 1b Yes. 48 mii})>220 GeV
GGM (higgsino NLSP) 2eu(2) 0Bjels Yes 58 m(F#)>200GeV ATLAS-CONF-2012.152
Gravitino LSP 0 monojet Yes 105 m(E)>10 oV ATLAS CONF-2012-147
S 0 3b Yes 201 |& .2 Te! md?y<san GeV. ATLAS-CONF-2013-061
S 0 710jets  Yes 203 |& 114 TeV ) <200Gev ATLAS-CONF-2013.054
3 lE’ Oleu b Yes 201 |& 138 TeV m(,\'?yaonasv ATLAS-CONF-2013-061
“ Olen 3b Yes 201 |& 1.3TeV. m(i})<300GeV ATLAS-CONF-2013-061
b Yes 201 [B 100-630 GeV m(i)<100Gev ATLAS CONF-2013.053
2eu(89) 03b Yes 207 |y 430 GeV m(f)-2 miEh) ATLAS-CONF-2013.007
€5 12en  12b  Yes 47 m(72)-55GeV 1208.4305, 12092102
g § 2eu  O2jets  Yes 203 |& 220 GeV (T2 =m(f,)-m(W)-50 GeV, m(fy)<<m(fi) | ATLAS-CONF-2013-048
3 2en  2jets  Yes 203 | 225.525 GeV. ()0 Ge! ATLAS CONF-2013.065
: E 0 2b Yes 201 |& 150-580 GeV' m(i2)<200 GeV, m(Fi }m(i})=5 Gev ATLAS-CONF-2013-053
S5 ten 1o e 27 6 200610 GeV m(i?)-0 Gev ATLAS CONF-2013:037
o8 0 2b 205 |& 320-660 GeV. i) ATLAS CONF-2013.024
B 0 o Ve s i 200 GeV ATLAS CONF-2013.068
2es(2) Yes 207 |& 500 Gev ATLAS.CONF 2013.025
3en2) 1 b Ve w7 & 520 GeV. ATLAS CONF-2013.025
2ep 0 Yes 203 85315 GeV ATLAS CONF-2013.049
= g 2ep 0 Yes 203 125-450 GeV. ATLAS-CONF-2013-049
e o 27 0 Yes 207 180-330 GeV ATLAS CONF-2013.028
E ~,yrllv:.nf(w) R Beu 0 Yes 207 ,i; 600 GeV' ATLAS-CONF-2013-035.
oWz 3en 0 Yes 207 |ni 315 GeV ATLAS-CONF-2013.035
@ Diect i prod., jongrved £ Diapp kel Yes 202 270 GeV ATLAS CONF-2013.069
S8 Sstale,stopped 2 Sjets  Yes 229 857 GeV. n, 00 Gov, 10 s<(§) <1000 s ATLAS CONF-2013.057
g;'E GMSB, stable 7, X,—n'(e,y)ﬂ(e ) 1 2p 0 - 159 m<lsnl‘<5n ATLAS-CONF-2013-058
58 GMSB, #3—yG, long-lived ;. 0 Yes a7 04<e(i)<2ns 1304.6310
= B qqu (RPY) | y 0 Yes 44 1 mm<cr<1 m, & decoupled 12107451
LFV ppr¥, + X, Frmve 1t 2ep 0 - 4 oy 1212.1272
LV pps¥, + X, Fre(u) 47 Teust 0 - 4 I 12121272
> RPV CMSSM Teu T Yes 47 i ATLAS CONF-2012-140
= ,*-»WXA XA—)eevw eue Aen 0 Yes 207 |% 760 GeV. MiF)>300GeV, iz >0 ATLAS.CONF-2013-036
TR WIS, B rrve, erd, BepsT 0 Yes 207 |H 350 GeV. m(2)>80 GeV, 4133>0 ATLAS-CONF-2013-036
&-a9q 0 6jets - 46 [Eeee Ge v 12104813
gt hobs 2epu(SS) 08b  Yes 207 |& 880 GeV ATLAS-CONF-2013-007
% Scalargluon o 4jets - 46 |sguon _ 100287Gev. incl.lmit rom 1110.2693
§ | VMP meracion (05, Dirac ) 0 monoiet Yes 105 m(y)<80 GoV, imit of 687 GeV for DB ATLAS-CONF-2012:147
L L
V5=8Tev 107! 1
- Tull data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Alllimits quoted are observed minus 1c- theoretical signal cross section uncertainty.




Missing energy

Most of the searches above assume large £+. This is a natural
choice when considering a generic spectra, and assuming R-parity.

Rp _ (71)25+3B+L

With R-parity, the lightest superpartner is stable. If it is neutral it
gives a DM candidate, and when produced at the LHC it leaves the
detector without depositing energy — £ 1.

R-parity is introduced to forbid dimension-4 operators violating both
lepton and baryon number that cause fast proton decay. Still, there
are dimension-5 operators that make the proton decay, and only a
specific flavor structure can keep them under control (e.g. GUTs).

So why not think about flavor first and see if R-parity was super-
fluous?
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Missing energy

Most of the searches above assume large £+. This is a natural
choice when considering a generic spectra, and assuming R-parity.

Rp _ (71)25+3B+L

With R-parity, the lightest superpartner is stable. If it is neutral it
gives a DM candidate, and when produced at the LHC it leaves the
detector without depositing energy — £ 1.

R-parity is introduced to forbid dimension-4 operators violating both
lepton and baryon number that cause fast proton decay. Still, there
are dimension-5 operators that make the proton decay, and only a
specific flavor structure can keep them under control (e.g. GUTs).

So why not think about flavor first and see if R-parity was super-
fluous?

@ less or no missing energy in supersymmetric events. LHC
limits are weaker

@ DM can be a gravitino, or an axion/axino.
@ proton stability?
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Horizontal symmetry

[Froggatt-Nielsen, 1979]
Leurer,Nir,Seiberg, hep-ph/9212278
g PP

Following Froggat and Nielsen, and in the supersymmetric case,
Nir and Seiberg, we impose a horizontal symmetry, U(1)3,, with
family-dependent charges. The high-energy theory is invariant un-
der U(1)y, broken by a vev of the flavon field S, with charge -1.
In the low-energy theory, heavy fields that have been integrated
out generate effective operators proportional to a spurion € = %
where M is the heavy scale.

Only terms that are invariant under the symmetry are allowed in the
superpotential: the Yukawa couplings

Y{0aQid; + YiouQilly + YioalLil;
become
Mg Qidj + " Py Qi + eP pyLil

with mj = H[¢4] + H[Qi] + H[d;] — r, and so on. The exponents
must be non-negative and non-fractional. Unknown O(1) factors
are neglected in front of each operator.

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline

LHC SL

Horizontal symmetry




Natural RPV SUSY
with a horizontal
symmetry

SM fermions hierarchies

Given the superpotential above, and the notation H[®;] = ¢;, [CHES
(D,'j:(b,'—(bj, e st
. . P Horizontal symmetry
Y,f ~ Pt Qitaj—r a=ud: i,j=12,3:
m?
i+ai—Qj—aj i—Qj
m—; ~ eQFai—Q 3 |VU‘ ~el® Q,\7
J
¢ Li+e m{ Li+bi—Lj—¢ Li—L
Yij ~ Vd5¢d+ i+ i ;Ip ~ glitti—L— i |UU| ~ El i—Lj|

J
e For the quarks, we take ¢ =sinf¢c = 0.226
0 me/my; ~ .0035 ~ et my,/me = .002 ~ et

myfv=1~¢",
mp/my = .017 ~ " mg/mp=.019~ &>, my/mg = .053 ~ &

™
N W

= M
o

VI=
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Natural RPV SUSY
with a horizontal

symmetry

SM fermions hierarchies

A. Monteu

Given the superpotential above, and the notation H[®;] = ¢;, [CHES
q)ij — (Dl. — (Dj’ LHC SUSY ches
Horizontal symmetry

Y7~ et ORI g ud; 0= 1,23

m?
i+ai—Qj—aj i~ Q)
; @ Qj J) |\/IJ"\J€|Q Qj‘7

i e
a
m;
4
m-
Y~ ygeetlittizr, 0 cbitbi=lizt g~ cILi—L]
ij m’
J

e For the leptons,
m;/m; = .01 ~ 31, m,/m; = .059 ~ 2, me/m,, = .0047 ~ et

0.82 0.55 0.16

|U| = 0.36 0.7 0.62 ~
0.44 0.46 0.77
1 11 1 ¢ ¢ 1 1 ¢
~ 1 11 or e 1 1 or 1 1 ¢
1 1 1 e 1 1 e ¢e-1



- Natural RPV SUSY
Solutions )

symmetry

A. Monteu

Outline

All the phenomenological constraints fix the following charge dif-
ferences

LHC SUSY

Horizontal symmetry

[Qo @3 Q@n [dio dizs dy [ua w3 up [ Ly Lz L[l i3
1 3 21 2 1[3 5 2[]0 0 04 &

Gu+ Q+us=r, pa+Q+d3 = pg+L3+l3=2—-—xg+r

We are left with 4 independent variables, which can be taken as
{Q3,u3,d3, L3} .

Additionally, if n, = ¢, + ¢4 < 0, the p term ug,pq is generated
by a Giudice-Masiero-like term 6K = X ¢ ¢4 (%) :

m3 26"\ gy

For n, ~ —1 the u term is automatically suppressed with respect
to the SUSY breaking scale.

UC SANTA CRUZ



Natural RPV SUSY

Anomalies: Green-Schwarz cancellation, or not with a hrizontal

symmetry

Given the U(1)3, it should be checked that the symmetry is anomaly-
free;

Outline

LHC SU

Horizontal symmetry

g — €U, A= N

ASUN)x SUN)x U(1)5 = Z £(r;)q; + £(Ad))qe

J

if there is a mixed gauge-gauge-U(1)% anomaly, it can be cancelled
by an axion-like field transforming non-linearly under the symmetry.
In string theory, a Green-Schwarz cancellation of anomalies takes
place in some heterotic models. The model-independent dilaton
couples universally to the field strengths of different gauge groups.
This is referred to as anomaly universality, and is usually assumed
when studying horizontal symmetries. It is not that common, and
several axions can cancel the different anomalies.

Assuming anomaly universality is not generically justified from a

bottom-up approach.
[Dine,Monteux, 1212.4371]

[Nibbelink Groot,Nilles, Trapletti, hep-th/0703211]

UC SANTA CRUZ



R-parity violating couplings

Without R-parity, the MSSM field content allows additional gauge-
invariant terms in the superpotential:

W, = fiLidu + NipLiLik + Ny Li Qi + Njj i djdi

which break B and L. With a horizontal symmetry, the magnitude
of the couplings is related to the horizontal charges
- - Lit+éu ~LitLi+ _Li+Q+di _uj+di+d
(,uia)\ijk7 :lik’ Zk) ~ e (me +¢ Jebithithe ¢ +Q+ o guitdit “)
In particular, factoring out the couplings involving third generation
fields, the relative structure is fixed:
by

_ ELi2+Lj3+ek3 gk _ €Li3+Q/3+dk3

Y

/”_L" 6Li3 )\Uk

i3 T Aoz B VA
"

ik _ _up+dp+de

" =€

323

Because the charge differences are uniquely fixed by the masses
and mixings, the horizontal symmetry predicts definite textures.

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline
LHC

Horiz mmet

RPV textures
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Natural RPV SUSY

RPV teXtU I'eS witl;ya'n?::;itz;ntal
‘ﬂ1:ﬁ2:ﬁ3:m€"ﬂ, nﬁ:L3+¢u*r
Outline
LHC

Horizontal symmet

RPV textures
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Natural RPV SUSY

R PV teXt u I'eS witl;ya'n?::;itz;ntal

® iy = iz = i3 = me"F, np =L+ ¢, —r

! —
® \o33 = N33 = ™MW,
A A A 6 2 1 Horizontal symmet
121 122 123 e & fornt]
__ _n 6 2 extures
A131 A2 Az | =™ 2 2 1
6 .2
A231 A2z o33 b 2 1
4 / / 5 4 3
i 2 N3 64 53 52
/ — ~Ninv
i21 i22 i23 =€ g &g ¢
/ ! e 1 1

4
i31 i32 )\i33
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RPV textures

® [l = [io = i3 = me"",

! —
[ ) /\233 = /\333 = EnLNV,
6
A1 A2 A3 €
M3t Az Az | =™ | e°
6
A231 A2z o33 5
/ / / 5
i N2 i3 54
/ — ~hinv
i21 i22 i23 =€ €
! / / 5
i31 i32 i33
" — ngnv
e N33 =¢
" " " 67
112 212 312
" " " _ gnBNV 66
113 213 313 =
" " " 55
123 223 323
with iy = Lo+ Qs +ds —r= L+ L3 + {3 —
nBN\/:U3+dQ+d3—r.

nﬁ:L3+¢u7r

Natural RPV SUSY
with a horizontal
symmetry

52 1 \;};\\;/ww:mn‘\
textures
e? 1
e2 1
gt &3
e? g2
1 1
et g2
e ¢
e 1
r,
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BNV, LNV

We will parametrize everything in terms of 3 independent ‘phe-
nomenological’ variables (n,, nz, ngyv). Possible scenarios in terms
of Ng, NNV -
@ both fractional: R-parity is effectively conserved; LHC
searches relying on missing energy apply and the weak scale is
generically fine-tuned.

Natural RPV SUSY
with a horizontal
symmetry

Horizontal symmetr

baryonic RPV
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BNV, LNV

We will parametrize everything in terms of 3 independent ‘phe-
nomenological’ variables (n,, nz, ngyv). Possible scenarios in terms
of Ng, NNV -

@ both fractional: R-parity is effectively conserved; LHC
searches relying on missing energy apply and the weak scale is
generically fine-tuned.

@ both integers: B and L are not conserved, proton decay

m: 2 m: 2
p— K*D: [Ny N5 < 107 27( br ) 2641( br )

100 GeV 100 GeV
niny + ngnv > 32 = newv, ngv 2 O(15)

But, extremely small RPV coefficients would mimic RPC
SUSY, or give stable massive particles: for §REY d;d;

100 GeV>
———— |m

mg . 2 2 16 -
Fzg—;sm 0| \3;1%, cr ~ 10703 ( e

For ngny = 13, ¢t 2> 1m and a t LSP forms an R-hadron
which stops or decays within the detector.

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline
LHC

Horizon

baryonic RPV
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BNV, LNV

We

nom:

of n,—
o

CMS Vs=7TeV,L=50fb" {s=8TeV, L=18.8fb"

P v e

(o) E 3

P C ]

S 10

E 4 <

—l o E

O T .

5 107 E

g C ]

107 E

3 - —*— gluino; 50% gg ]

10 E —— gluino; 10%gg 3

4 F —a— stop ]

10 E —e— stau; dir. prod. §

F —e— stau ]

10°F Il = 2e/3 =

E —o— |Q| =1e E

10°® L Ll L L 1]
500 1000 1500

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline
LHC S

Horiz

baryonic RPV
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BNV, LNV

We will parametrize everything in terms of 3 independent ‘phe-
nomenological’ variables (n,, nz, ngyv). Possible scenarios in terms
of Ng, NNV -

@ both fractional: R-parity is effectively conserved; LHC
searches relying on missing energy apply and the weak scale is
generically fine-tuned.

@ both integers: B and L are not conserved, proton decay

m: 2 m: 2
p— K*D: [Ny N5 < 107 27( br ) 2641( br )

100 GeV 100 GeV
niny + ngnv > 32 = newv, ngv 2 O(15)

But, extremely small RPV coefficients would mimic RPC
SUSY, or give stable massive particles: for §REY d;d;

100 GeV>
———— |m

mz . o —
r= 8—;sm 0| %12, e ~ 1071 NG, ( e
For ngny = 13, ¢t 2> 1m and a t LSP forms an R-hadron
which stops or decays within the detector.

A light stop with m; < 850 GeV requires_ngyv, Ny < 13

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline
LHC

Horizon

baryonic RPV

UC SANTA CRUZ



Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline

@ nyyy integer, ngyy fractional; baryon number violation is
forbidden, lepton number violation is allowed. If it is the main
decay channel, multi-leptons signatures, LHC limits are
around 1 TeV.

@ nyny fractional, ngyy integer: no LNV, there is a add
operator giving hadronic decays of superpartners, without
missing energy.

LHC

Horizontal symmet

baryonic RPV

This is the scenario we will study. Let's recall

" " " 7 4 2
112 212 312 56 53 €
1 1 " . npnv

M1z Aoz Azgs =€ e & ¢

Moz Aoz A
A single parameter determines all the R-parity violating
phenomenology.

UC SANTA CRUZ



. B Natural RPV SUSY
Phenomenology: LOWER limits on RPV with 3 orzont

symmetry

couplings A Mot

If a squark LSP is produced at the LHC but cannot decay because
its RPV coupling is too small, it will either exit the detector as loronenetes
missing energy if neutral (the limits on RPC SUSY would apply), [EESISEETE
or hadronize as a new stable massive particle (an R-hadron). For
an R-hadron, ATLAS and CMS exclude a stop LSP up to 680 GeV
and 850 GeV.

[(f— did;) = ?sin2 0|\, 2
Y8

— ngyy < 13 3 >107°

Displaced vertices for 11 < ngyy < 13.

UC SANTA CRUZ



. . Natural RPV SUSY

Phenomenology: UPPER limits on RPV vt porzona
couplings A Mot

@ dinucleon decay NN — KK: ngny 2 2

1/4
I/, <3x 1077 L7 < 10%yr ( Ms, )2 ( mg )1/2.
~ TNN— KK 300 GeV 300 GeV Cpgfsr\t?g?:rf\ogica\

(75 Mev>5/2 Light SUSY issues
7\ o
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. . Natural RPV SUSY
Phenomenology: UPPER limits on RPV vt porzona

couplings A Mot

@ dinucleon decay NN — KK: ngny 2 2

1/4
I/, <3x 1077 L7 < 10%yr ( Ms, )2 ( mg )1/2.
~ TNN— KK 300 GeV 300 GeV Cpgfsr\t?g?:rf\ogica\

(75 Mev>5/2 Light SUSY issues
7\ o
@ n — i oscillation: ngyy 2 2 R

1% [ mp, N2/ mp N2
1 < 1 —6 _ 1 -5 br g
[Mis| 5 (1077 —107%) —— (100 GeV) (100 GeV)

UC SANTA CRUZ



. . Natural RPV SUSY
Phenomenology: UPPER limits on RPV with 3 hrizontl

symmetry

couplings A Mot
Outline

@ dinucleon decay NN — KK: ngny 2 2

1/4
| < 3x 1077 (10X 102yr\ " ( M )2 ( mg )1/2.
~ TNN— KK 300 GeV 300 GeV Cpgfsr\t?g?:rf\ogica\

(75 Mev>5/2 Light SUSY issues
7\ o
@ n — i oscillation: ngyy 2 2 R

1% [ mp, N2/ mp N2
)\// < 1 —6 _ 1 -5 br g
[Mis| 5 (1077 —107%) —— (100 GeV) (100 GeV)

@ neutron decay n — =: ngny 2 3

B 1/2 me 2 /10%yr /4
/l < 10—8.5 mg SR .
REPIS (100 GeV) (100 GeV) TNN

1/2
10-6 Gevs \ "/
(N|ududss|=)

UC SANTA CRUZ



Natural RPV SUSY

Phenomenology: UPPER limits on RPV vt porzona
couplings A Monte
Outline
@ dinucleon decay NN — KK: ngny 2 2

17 % 1032yr\/* 2 .12

Phenomenological
constraint:

Take home message:

3 < npny < 13, 107% < \jp3 < 1072

U°s
/] < (1076 — 1075 ( br )
Mol 5 iy g

@ neutron decay n — =: ngny 2 3
1/4
NI < 10—8.5( mg )1/2( My )2 102yr\ "
12~ 100 GeV 100 GeV NN

1/2
106 Gevo \
(N|ududss|=)

mg

( 100 GeV)

UC SANTA CRUZ




Natural RPV SUSY with a U(1)y "N noronal

symmetry

also see other talks in this section, e.g. Tweedie, Seitz A Monteu

Outline

ATLAS searches: LHC

.. ~ ~ RPV
e multi-jets: & = q§ — qqq [ATLAS, 1210.4813]

mz > 666 GeV at 95% CL lightiSUSYdissties

. ~ sz RPV -
@ same-sign leptons: & — tt — tbfATLAS ATLAS-CONF-2013-007]

mg > 890 GeV at 95% CL

UC SANTA CRUZ



Natural RPV SUSY with a U(1)y "N noronal

symmetry
- —_— . o~ ~ A. Monteu
also g-g and t-t production, g- tt, t (RPV)- bs
';‘ 950 [TTTT ‘ TTT1T ‘ TTTT ‘ T T 166 ‘ TTT1T ‘ T :‘ T \ T Ta5T 1] Outline
) c .. T 1=
ATL O, goof ATLAS Preliminary -, 42
— - 1 )
o & F J' Ldt=207 b (s=8 Tev : 15 |
- ' 9
850 - 2 same-charge leptons + jets ': ] 5
oo Observed limit (+1°25") ] 192
800 [— - theary i —5 Light SUSY issues
E ---- Expected limit (+10,,,) ! 14 b
T Alllimits at 95% CL H 13
750 — i €
° E 5 18 .
700 |- i as1
- i 135
E : 13
650 — | o
o i 1s
o i 1o
600 e :‘ E E
C H Jo
550 [— j de
o ' 12
C ! ] g
500 — ! 0z
E 111 l 11 1 1 l 111l l 111 117 )l 111l l ‘l‘/:ﬁl 1 E ‘ 1 ‘E \ 1 ’7 “l 11 .

600 650 700 750 800 850 900 950 1000
ATLAS-CONF-2013-007 m; [GeV]




Natural RPV SUSY with a U(1)y,

also see other talks in this section, e.g. Tweedie, Seitz

ATLAS searches:

.. ~ ~ RPV
e multi-jets: g =+ q§ — qqq [ATLAS, 1210.4813]
mg > 666 GeV at 95% CL

. ~ == RPV -
@ same-sign leptons: & — tt — tbfATLAS ATLAS-CONF~2013-007]

mg > 890 GeV at 95% CL

Limits on gluino masses, independent on stop masses. Relevant for
naturalness only because gluino mass enters stops RGE.
E.g.,. mz ~ 1.4 TeV = 1% tuning of the weak scale.

Natural SUSY, no R-parity, definite range and textures for
the RPV couplings

What are the issues of low-energy SUSY?

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

Outline

Light SUSY issues




Natural RPV SUSY

Flavor changing neutral currents vith 2 hrizoncl

symmetry

A. Monteu

Take the kaon; in the SM, we have the GIM mechanism Outline

LHC

In the MSSM, we have the same graphs with gauginos and squarks.
With generic squark masses the GIM mechanism does not operate.
This can be solved by either squark degeneracy, or quark-squark

alignment; [Nir,Seiberg, 1993]

Horizontal symmetries can naturally generate aligned models. Take
a horizontal symmetry U(1)y, x U(1)y, with two spurions e1, €2
carrying charges (—1,0) and (0, —1). With appropriate charges, the
masses and mixings are explained, and FCNCs are suppressed. The
limits on RPV couplings remain the same. UG SANTA CRUZ




Natural RPV SUSY

The Higgs mass and the NMSSM i o

A. Monteu:
The Higgs mass is Outline
mp, = 126 GeV
In the MSSM,
3m¢ mZ A2 A2
2, g2 2 t f t t B e
my, ~ M35 cos” 23 + 122,72 <Iogm? + m? (1 - 12m%)> Light SUSY issu

126 GeV Higgs

Conclusions

UC SANTA CRUZ



The Higgs mass and the NMSSM

The Higgs mass is

mp = 126 GeV

3m? m2 A2 A2
th2 <|og§+ 5 (1 t2)>
4mev m;  m; 12mz

In the MSSM,

m? ~ M2 cos® 283 +

Natural RPV SUSY
with a horizontal
symmetry

A. Monteu

126 GeV Higgs

In the NMSSM,
W S ANGydq + 5N,
3m? m2 A2 A2
m2 ~ M2 cos? 2 + —* 12,2 (Iog m% + m? <1 12m§>) +
)\2 2
+ A2sin28 — “—— (X — Ksin23)?

For A\ ~ 0.7, tanf3 ~ 2 we can accomo ops.
L.Hall,D.Pinner,J.Ruderman, 1112. 2703]

There are some more operators involving N and they are not

problematic.

d ate 500 GeV sto
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symmetry

A. Monteu

Outline

@ The LHC constraints on R-parity conserving SUSY are not
too far from excluding low-energy supersymmetry.

@ It is reasonable to expect that what decides the hierarchical
flavor structure of the SM also fixes the RPV structure. E.g.
a horizontal symmetry fixes the RPV textures (without
anomaly constraints)

@ while leptonic RPV has clear signatures and excludes
superpartners above 1 TeV, baryonic RPV could still be
hiding.

@ There is still space for low energy RPV SUSY. Horizontal
symmetries predict that the biggest RPV coupling is

Conclusions

I TL=
323 tbS

with|© 107 < M\,; < 1072

2~

E/T,R—hadrons searches\\ low energy AB processes
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Thank you!
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Backups

Natural RPV SUSY
with a horizontal
symmetry

Horizontal symmet

Conclusions

UC SANTA CRUZ



Alignment
[Leurer,Nir,Seiberg, 1993]
Amk g 99715 BAMB 7 qp-1.  AMD g g1
mg mg mp

VIMIVIT = diag{mg,} VIMEvI = diag{mZ .}
In the basis in which both quark and squark mass matrices are
diagonal, gaugino interactions depend on
Ki = VIV
A FCNC box diagram gives
D (K (K (KR (KQ)g > £ (7, #75)
1,J

Any non-diagonal term | # J should be suppressed
@ degenerate squarks: f is independent of /, J and
i(Kw)a(Ky)j =0
e K is almost diagonal: (K},); < 1 for i # j; this means that
V and V are approximately equal.
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A. Monteu

Outline
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Anomaly universality

The standard GS cancellation is
1
d?6 ( + iA(x ) W2 > = + iA(x FiFy
/ SIEES SR

with A(x) — A(x) —adgs. Then, to be cancelled by one axion, the
mixed anomalies are the same (assuming unification).

Natural RPV SUSY
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A. Monteu

Outline
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A standard GS anomaly cancellation is not that common in string
theory. Take Type IIB string theory compactified on T°/Z3 orb-
ifolds, and the anomalies are cancelled by several twisted RR fields.

One sees that there are non-universal discrete anomalies.
[Dine,Monteux, 1212.4371]

Tr(Vk)\i)Bk A FU(1);
Tr(YeAe) = —2m;i sin 2mkV;®

For heterotic orbifold blow-ups, we can have multiple non-universal

axions too.
[Nibbelink Groot,Nilles, Trapletti, hep-th/0703211]

In general, any heavy field with SM charges will mess the anomaly
constraints.

Assuming anomaly universality is not generically justified from a
bottom-up approach.
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Anomaly cancellation and the p term

Assuming universal anomalies cancellation, there are 2 additional
constraints on the horizontal charges; with these, the p term mag-

nitude is fixed:
[Dreiner, Thormeier, hep-ph/0305270]

n, _ MdMsMb _ ¢ 4,4440  0,-1,-2

3 3.02

Mmem,,m;

—ny

For n,, = 1, a Giudice-Masiero-like term 5K = Xoua ()
predicts

= ems,
so that the SUSY breaking scale cannot be too high.

Being agnostic w.r.t. the anomaly cancellation mechanism, the
prediction is lost. In particular, a rather high scale of SUSY
breaking can still accomodate a weak scale i term.
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Natural RPV SUSY

dimenSion 5 Operators with a horizontal

symmetry

A. Monteu

Outline

Ws = (HI\I/I)UM Qi Q @kl + (K/\2/])Ukl_ Bdili + (K?))Uk QiQjQkda + i
P
( 5)ij

e
G

LiguLjpu +

Ko (ki .7, 2

Mp

) jk _
2 Q!Lj k + Cenclusions

O 6+r—2xﬁ—nBNV—2nM+nﬁ O, —2—r+x[3—|—nBNV—|—
O3 6+ r—2xg — npyv — Ny Os 2—xg+r—n
Os 2n; + 2r Ok N+ ng +2r
07 —Ng 08 2— Xg — N

Og —Ng OIO 2 — X3 — NBNV —-
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Natural RPV SUSY

MSSM/NMSSM fine-tuning it vt

symmetry

[L.Hall,D.Pinner,J.Ruderman, 1112.2703]

MSSM Higgs Mass
140} ]
1300 X, = xo= 4 Horizontal symmet
% 120
£ 110
X,=0
100+ Suspect
FeynHiggs Conclusions
9oL , , . . . . ]
200 300 500 700 1000 15002000 3000
m; [GeV]
NMSSM Higgs Mass
140 1=0607 4

m; = 1200, 500 GeV
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MSSM/NMSSM fine-tuning it rosonl

symmetry

[L.Hall,D.Pinner,J.Ruderman, 1112.2703] agbtentey

Tan =2

Suspect

FeynHiggs

m; [GeV]
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UC SANTA CRUZ




	Current limits on SUSY by ATLAS and CMS: unnatural SUSY?
	Horizontal symmetry: hierarchies of masses and mixings
	R-parity violation: textures of couplings
	leptonic RPV, baryonic RPV, or both?
	Phenomenological constraints: upper and LOWER limits on RPV couplings

	Natural Supersymmetry weaknesses and solutions
	Flavor changing neutral currents: quark-squark alignment
	Extra contributions to the Higgs mass: the NMSSM

	Conclusions

